This video describes a new type of 3D curves, which generalizes the family of 2D Euler spirals. They are defined as the curves having both their curvature and their torsion evolve linearly along the curve. The utility of these spirals for curve completion applications is demonstrated. This video accompanies the paper presented in [4] . 
3D EULER SPIRALS
This video visually describes the 3D Euler spirals presented in [4] and their application to shape completion. Our curves can be considered as an extension to three dimensions of the planar Euler spirals. A 2D Euler spiral is the curve whose curvature evolves linearly with arc-length. A 3D Euler spiral is defined as the curve having both its curvature and its torsion evolve linearly along the curve (Figure 1 ): κ(s) = κ0 + γs, τ (s) = τ0 + δs. It is proved that the suggested curve satisfies some desirable properties -ones that have been claimed to produce visually-pleasing curves [6] . In particular, our curves hold the following properties:
1. Invariance to similarity transformations (translation, rotation, and scaling).
2. Symmetry: The curve leaving the point x0 with tangent T0 and reaching the point x f with tangent T f , coincides with the curve leaving the point x f with tangent − T f and reaching the point x0 with tangent − T0.
3. Extensibility: For every point xm ∈ C between points x0 and x f , the curves C1 between x0 and xm and C2 between xm and x f coincide with C, each in its own section.
Smoothness:
The tangent is defined at every point, i.e., 
3D CURVE COMPLETION
3D curve features convey important information about the shape. They are used as shape features, as strokes for sketchbased interaction, in non-photo realistic rendering, and in a variety of mesh analysis algorithms. However, it is often the case that curves appear incomplete due to either missing parts of the model, or due to the failure of edge detection algorithms. In these cases, we would like to complete the curves.
Shape completion has been an important task in computational geometry with applications to CAD and computer graphics [1, 2, 9]. While most of the work has focused on completing or repairing polyhedra and CAD models, we focus on completing curves in three dimensions.
We assume we are given two points and their associated tangents: " x0, T0 " and " x f , T f " . Our goal is to find the parameters κ0, τ0, γ, δ, L ∈ R that define the 3D Euler spiral that starts at x0 and T0 and minimizes both the difference between the curve's position at s = L and x f , and the difference between the curve's tangent at s = L and T f .
We propose a gradient-descent algorithm to perform this task. A major consideration in this approach is the initialization. Our algorithm is initialized using a planar Euler spiral. We define the plane for which three out of the four boundary conditions hold: x0, x f , and T0. The resulting (a) Curve completion (b) Zoom-in Figure 2 : Fixing the curves detected by [7] . Our curves (red) manage to capture the "S" shape, in contrast to the automatically-scaled Hermite splines (green).
planar Euler spiral interpolates T0 at x0 and the projection of T f onto the plane at x f . The parameters of this 2D spiral κ0, γ, L are used to initialize our curves. Since it lies on a plane, the torsion's parameters are initialized to zero (τ0 = 0, δ = 0).
Applications: Our 3D Euler spirals are utilized in two completion applications. In the first application, the entire model is given together with the curves on its surface. These curves are generated using algorithms for curve detection on surfaces, such as valleys and ridges [10] , suggestive contours [3] , apparent ridges [5] , demarcating curves [7] , and relief edges [8] . These algorithms often fail to detect curves on "weak" surface patches. Therefore, an algorithm for curve completion is needed. We show that our curves can be utilized for this task (Figure 2 ). Since our curves are not constrained to lie on any surface, the produced 3D Euler curves are projected to the surface. This is done by projecting each point on the curve to its closest point onto the surface.
The second application is the completion of partial objects in archaeology. Though archaeological artifacts are often found broken, the user is interested in drawing the curves that would be drawn if the entire model were given. Traditionally, the archaeological artist draws the artifact manually, "completing" the broken pieces. Instead, our curves can be drawn and viewed in 3D along with the scanned model ( Figure 3) .
Our curves are compared to Hermite splines and are shown to outperform them in the context of completion applications. For instance, they better capture the "S" shapes in curves (Figure 2 ) and circular arcs (Figure 3) , which are prevalent in many real-life objects.
Video production: The algorithm was implemented in Matlab and C and ran on a 2Ghz Intel Core 2 Duo-processor laptop with 2Gb of memory. The video was produced using VirtualDub and Adobe Premiere Pro CS4.
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In IEEE Visualization, 1997. The scale of the Hermite splines is determined manually (magenta), since the automatically-scaled splines (green) are inferior due to the large ratio between the length of the curve and the size of the model. Note the perfect circular arcs of our curves.
